Abstract. In a replicated whole-lake experiment, we (a) tested for the existence of a flexible habitat shift in response to predator presence in age-0 rainbow trout (Oncorhynchus mykiss) at risk of cannibalism and (b) evaluated the population-level consequences of habitat shifts in terms of growth and survival over their first growing season. Daphnid food and adult trout predators were substantially more abundant in pelagic than in littoral habitats. Age-0 trout used all habitats in populations without adult trout predators, whereas age-0 trout were observed only in the less profitable littoral habitat in populations with adult trout. Consequently, mean fall mass of age-0 trout in the presence of predators was almost half that observed in populations without adult trout. Despite the shift in habitat use, age-0 trout experienced 90% mortality when adult trout predators were present, in comparison to only 36% mortality when absent. We conclude that the commonly observed habitat shifts by fish at risk of predation, observed at smaller scales, do in fact occur at the whole-system scale over long time intervals. These results suggest that fish are able to perceive risk at large spatial scales and thus take advantage of profitable (but normally risky) habitats when predators are absent, or move to less profitable refuge habitats when predators are present.
INTRODUCTION
Predators have effects on the abundance and size structure of prey populations that can influence community structure and dynamics (e.g., Sih 1987, Lima and Dill 1990, Lima 1998a, b, Sih et al. 1998). Consequently, predation is an extremely strong selective force and is thought to be important in the evolution of behavioral and morphological adaptations that reduce predation (e.g., Lima and Dill 1990) . A vast number of studies show that animals can balance costs and benefits while foraging under risk of predation (Lima 1998b) . Many of these studies come from fish predatorprey systems that are amenable to experimental manipulation. Since food abundance and risk of predation are often correlated in aquatic systems, these studies typically show effects of predator presence on fish prey that include increased use of refuge habitats, decreased growth as a consequence of using less profitable refuges, reduced survival, and increased food resources outside the refuge (see review in Diehl and Eklov 1995) . Similar patterns of adaptive antipredator behavior have been found in both vertebrate and invertebrate predator-prey systems (e.g., Sih 1987 some cases, this may only be achieved by whole-system experiments that allow expression of the full suite of spatial and temporal aspects of predator and prey behavior (e.g., Persson et al. 1996 ). The purpose of this study was to test for evidence of flexible habitat use (facultative habitat use) in young prey fish cohorts, and to evaluate its population-level consequences at the scale of whole aquatic ecosystems. We performed a replicated whole-lake experiment to determine (1) whether, and to what extent, age-O rainbow trout (Oncorhynchus mykiss) alter their use of habitat in response to the presence of adult rainbow trout predators, and (2) the consequences of differential habitat use in terms of growth and mortality over an entire growing season. Lakes are ideal for such experiments for several reasons. First, each lake is a discrete and independent replicate. Second, mortality and growth consequences of behavioral variation can be rigorously assessed in lakes since they are closed systems, and in our case, fish populations are created entirely by stocking. Third, there is evidence supporting the existence of a spatial trade-off between growth and mortality rates for age-O trout in our study lakes and in other lakes (e.g., Tabor and Wurtsbaugh 1991). In our lakes, risk of predation mortality is related to the spatial distribution of adult trout, whereby deeper habitats are more dangerous than shallow habitats (Post et al. 1998 , Landry et al. 1999 ). Abundance of daphnid plankton, which comprises >90% of age-O trout diet, also increases with depth (Landry 1997 , Landry et al. 1999 . Because growth of age-O trout is closely related to food abundance ), the use of inshore habitats by age-O trout must represent a trade-off between growth and mortality rates. However, we know of only one whole-lake study that has examined habitat use by young fish in the presence vs. absence of cannibalistic adults, and that study was not replicated, nor did it quantify growth or survival (Landry et al. 1999).
We tested the following predictions: (1) The presence of predators will restrict the distribution of age-O trout to the littoral zone, whereas, in the absence of trout predators, age-O trout will predominantly use the profitable pelagic habitat; (2) growth of age-O trout will be lower when predators are present as a consequence of inhabiting the less profitable littoral zone; and (3) age-0 trout mortality will be greater in the presence of adult trout.
METHODS

Experimental design
We implemented a single factor experiment using four entire lakes (BP1, BP2, BP3, and SMOKE) and manipulated predator presence (present/absent) while keeping constant intitial prey fish density. The experiment was conducted over an entire growing season that extended from early July to mid-October 2000. Initial prey fish density (age-0 rainbow trout) was set at 15 000 trout/ha to allow for comparisons of mortality with earlier experiments and to allow for low-level destructive fish sampling during the growing season. Age-0 rainbow trout were raised at the Fraser Valley Trout Hatchery (British Columbia Fisheries Branch) from eggs collected from a wild population in Tunkwa Lake, British Columbia. Fish were stocked within several days of absorbing their yolk at a mean fork length of 27 mm and mean mass of 0.184 g (n = 200). Stocking took place on 13 July 2000, at a time when wild young emerge from nest substrates in the area. Replicate batch samples of age-0 trout were weighed, and all individuals were counted to obtain a mass density used to estimate the number to be stocked. To reduce and equalize predator densities of survivors from previous experiments (lakes BP1 and BP2), we began by netting with a constant effort for five net-nights in late April 2000 (see Estimation of mortality and growth). Initial predator density (adult rainbow trout) was estimated to be 1 000-1 200 trout/ha in the predator treatment and zero in the predator-free treatment (Table 1) . Predator treatments consisted of adult trout ranging in size from 15 to 30 cm fork length at the time of age-0 trout stocking. Predator-free treatments were achieved by a complete winterkill of all fish in two lakes due to anoxia; total absence of adults was later confirmed by intensive gillnetting in the fall.
Lake selection
The four lakes used for our experiment were all located within 5 km of one another in south-central Brit- These lakes were chosen from a larger set of experimental lakes because they have all experienced periodic winterkills in recent years that allowed us to have a treatment free of adult trout predators. In addition, the lakes also have very similar productivity and zooplankton abundance. We did not quantify plankton abundance in the present experiment. However, zooplankton data collected the previous year (1999) in our lakes showed no significant differences in daphnid abundance among the lakes (F348 = 0.47, P > 0.65) and showed that daphnid abundance in pelagic habitats is -11 times greater on average than in littoral habitats (F248 = 9.3, P < 0.0005; Table 1 ). In addition, similar patterns of plankton abundance between and within these lakes have been demonstrated in 1994 (Landry 1997 , Landry et al. 1999 ). Finally, greater plankton abundance in pelagic waters is a general feature of lake ecosystems (Wetzel 1983 ).
These lakes were also chosen because bird predation on age-0 trout is low, and especially for the fact that the common loon (Gavia immer), a potentially significant predator on age-0 trout, was unable to access these small lakes and was never observed there for over eight years prior to and including our experiment. In 1999, we quantified bird predation on age-0 trout stocked into these lakes at a density of 15 000 trout/ha that contained adult trout, and found that birds killed only a small proportion. Loons were an important factor to control for because loons swallow prey underwater, making it impossible to know how many age-0 trout they might consume. We surveyed for the presence of potential piscivorous birds from dawn to dusk, every second day, from the time of stocking until the fall population assessments. In addition, detailed focal animal observations of bird predators were performed from dawn to dusk to determine species-specific ingestion rates of age-0 trout. Average ingestion rates were then combined with the frequency of occurrence of each piscivorous bird species for each lake over the season to estimate total number of age-0 trout killed (Table 1 ). The most common and important piscivores were Great Blue Heron (Ardea herodias) and Belted Kingfisher (Ceryle alcyon). The estimated total number of age-O trout killed by bird predators in these lakes in 1999 is presented in Table 1 ; these values represent 1-2.5% of the initial age-0 trout population (C. Beckmann, unpublished data). Predation by wading and perching bird predators, such as herons and kingfishers, is therefore unlikely to have been a significant source of age-O trout mortality during the present experiment.
Estimation of mortality and growth
We estimated fall population size by intensive gillnet sampling during the first 2.5 wk of October. Gillnet densities were standardized among lakes based on lake area and ranged from 400 to 500 m2-ha-night, following the identical netting effort and protocol used by Post et al. (1999) in these same lakes. We set sinking and floating experimental gillnets with graded, stretched mesh ranging in size from 13 to 89 mm for five nights in all habitats. Nets were set during the day and retrieved -24 h later. All captured fish not already dead were euthanized. In order to assess the relative proportion of the age-0 trout cohort inhabiting pelagic vs. littoral habitats, we also set a standardized effort of fine-mesh floating gillnet for one net-night in the pelagic zone, because our standard netting protocol uses fine-mesh gillnets that sample to a maximum depth of 2.5 m. Fork length (FL) of captured fish was measured to the nearest 1 mm, and a subsample of not less than 500 individuals was weighed to the nearest 0.1 g.
The summed catch over five nights of netting was adjusted to account for the size-dependent probability of capturing fish in gillnets. To do this, we estimated a mean capture probability model that expresses the proportion of fish of a particular size captured over the five nights of netting. This model was estimated from mark and recapture data collected in 1993 and 1994 in these same lakes. A total of 7503 fish ranging in size from 50 to 328 mm were captured, marked, and released just prior to fall netting in lakes with age-0 trout densities that varied from 500 to 12000 trout/ha. The proportion of marked fish in each 5-mm size interval recaptured over the five nights of netting follows a binomial probability distribution into which we could substitute various models to predict the probability of capture. The most likely model describing the data was determined by maximum likelihood and comparison of AICc statistics for each (Burnham and Anderson 1998 where Pcapwre is the proportion of fish of a given FL interval captured over five consecutive nights of gillnetting. This algorithm describes a steeply increasing function between 50 and 125 mm FL and a constant capture probability for fish >125 mm (A. J. Paul, unpublished data). Because the mean capture probability was estimated using data from lakes with predators that largely restrict age-0 trout distribution to the littoral zone, we further adjusted our estimate of the total number of survivors by the proportion of individuals estimated to inhabit the pelagic zone vs. the littoral zone (i.e., habitats <2.5 m deep, see Results). We used mean fall mass as a surrogate for seasonal growth rate. Mean fall mass was calculated by dividing the sample of weighed fish into 10-mm size bins, calculating a mean mass for each, then multiplying by the estimated number of survivors in each size bin (after adjusting the catch for the mean capture probability in each size interval).
Spatial behavior of age-O and adult trout
Three different gillnet types (1.5 m, 2.5 m, and 5 m deep) were used to sample shallow littoral, deep littoral, and pelagic habitats, respectively. Each net consisted of graded mesh sizes in the following order: 13-, 16-, 20-, and 25-mm stretched mesh. We likely underestimated absolute numbers of fish in any given habitat, because age-0 trout <45 mm FL are not vulnerable to the nets during the summer. This bias will therefore underestimate age-0 trout size distributions in lakes with lower growth. However, this netting bias does not affect our fall estimates of growth and survival, because we captured no age-0 trout <50 mm FL. Despite the small mesh sizes in these nets, we captured many adult trout, which provided information on their relative spatial distribution as well. Nets were set on bottom, parallel to the shoreline along the 1.5-and 2.5-m depth contours using the 1.5-m and 2.5-m nets, respectively. The 5-m deep net was set as a floating net in the pelagic zone in areas not less than 6 m deep. Nets were set midday, for 1 h in August and 0.5 h in early September. Captured fish were removed, and nets were re-set for the next "net trial." The modal number of net trials was eight (range = 6-8). Two measures of spatial distribution were used: (1) probability of capture, defined as the proportion of net sets that caught at least one fish, and (2) relative habitat use, defined as the catch-per-unit-effort (number of fish per square meter of net per hour) in a particular habitat multiplied by the volume of that particular habitat divided by the total volume-corrected catch on that lake-day (see Landry et al. 1999 ). This second measure provides an estimate of the proportion of the age-0 trout cohort that inhabit different habitats within a given lake. This measure was used to describe the spatial behavior of the adult trout that were captured in the same nets.
Statistical analysis
Working at the scale of whole-systems necessitates loss of statistical power associated with few replicates and the potential for an inflated type II error rate. Consequently, we used maximum likelihood techniques to find the most likely model given the data rather than relax the traditional (and arbitrary) level of significance of ox = 0.05 (Hilborn and Mangel 1997, Burnham and Anderson 1998). Significance of treatment effects was determined by a likelihood-ratio test that is asymptotically x2 distributed (Hilborn and Mangel 1997). Therefore, a x2 result with P < 0.05 is interpreted as being significantly more likely than a null model, where the effect is constant. Age-0 trout mortality and mean fall mass was analyzed assuming normally distributed errors on data that were arcsine square-root transformed and loge transformed, respectively. Analysis by maximum likelihood was done in PROC GENMOD (SAS version 8.0; SAS Institute 1998). In addition, we also provide parametric R2 values to express effect sizes for the most likely model. The probability of capturing age-0 trout in the pelagic habitat was analyzed using PROC GENMOD by assuming binomial distributed errors for the raw data. We similarly analyzed the proportion of the age-0 trout cohort caught in each habitat using GENMOD, but assumed normal errors on data that were arcsine square-root transformed. Finally, we assessed the cost of predator presence to age-0 trout in terms of foregone growth by comparing observed changes in mean mass over successive sampling periods to a predicted maximum mean mass. We used the growth equation of Iwama and Tautz (1981) developed from hatchery-raised rainbow trout fed to satiation. Changes in mean mass over each period were expressed as a percentage of the predicted maximum mass increase over that period given observed mean water temperatures in the littoral zone. Differences between treatments in the percentage of maximum mean mass achieved were determined by likelihood ratio tests, and 95% confidence intervals for each treatment mean were determined from likelihood profiles. If the confidence interval included the predicted maximum growth (i.e., 100%), we considered it not statistically different. This was done since a one-sample t test on so few replicates has very low power. Body size variation of age-0 trout between habitats within lakes was analyzed using individuals as replicates.
RESULTS
Evidence for flexible habitat use
Age-0 trout were observed in both littoral and pelagic habitats of predator-free lakes, but their distribution was restricted to the less profitable littoral zone (Table 1) in lakes where adult trout were present (Fig.  1) . No age-0 trout were captured in the pelagic habitat in August or in September in lakes with trout predators (Fig. 1) . By contrast, 53% and 69% of pelagic net-sets captured at least one age-0 trout in lakes without trout predators in August (X2 = 16, P < 0.0001) and September (x2 = 21, P < 0.0001), respectively. A greater proportion of the age-0 trout cohort used shallow habitats than deep littoral and pelagic habitats in August and in September (X2 = 45, P < 0.0001 and x2 = 8.3, P < 0.02, respectively; Fig. 1 ). However, age-0 trout used shallow habitats less and deep littoral and pelagic habitats more in the absence of adult trout predators, resulting in the significant interaction between predator presence and habitat in August and September (X2 = 16, P < 0.001 and x2 = 7.5, P < 0.025, respectively; predators in August as predicted, but they did have a more even distribution among habitats in September (Fig. 1) . In contrast, the entire age-0 trout cohort inhabited the littoral zone in lakes that possessed adult trout predators (Fig. 1) .
The distribution of age-0 trout was in the opposite direction to the distribution of adult trout predators that, when present, were captured in deep littoral and pelagic habitats exclusively (Fig. 1) . In fact, not a single adult trout was captured in the shallow littoral habitat in any of the net trials during August or September (Fig. 1) .
There was no evidence to support the alternate hypothesis that differential use of pelagic habitats by age-0 trout between predator treatments was due to a sizedependent (ontogenetic) habitat shift associated with higher growth rates in lakes without adult trout. In August, age-0 trout in littoral habitats in lakes with trout predators were just as large as age-0 in pelagic habitats in lakes without trout predators (Fig. 2) . There also was no evidence of size-dependent use of deep littoral or pelagic habitats in the absence of predators, but some evidence for it in the presence of predators (Fig. 2) By early October, patterns of habitat use by age-0 trout among predation treatments were unchanged, but with one exception: There was evidence of size-related use of pelagic habitats in one of the lakes with trout predators (Fig. 3) . Overnight gillnetting revealed that the proportion of age-0 trout in pelagic vs. littoral habitats was significantly greater in populations without adult trout than in populations with adults (X2 = 12.2, P < 0.0005). On average, 44% of age-0 trout inhabited the pelagic zone in populations without adult trout (BP3 = 51%, SMOKE = 37%) in comparison to 2% in populations with adults present (BP1 = 0%, BP2 = 4%). Low use of the pelagic habitat by young trout in the presence of adult trout in BP2 was the result of a small number of captures (n = 8) that was linked to greater growth in BP2 as compared to BP1, where none were captured in the pelagic habitat (Fig. 3) . Young trout reached a maximum fork length of only 82 mm in BP1, and none were captured in the pelagic zone. By contrast, fish reached 108 mm in BP2, and the smallest individual captured in the pelagic habitat was 84 mm (Fig. 3) . Age-0 trout captured in the pelagic habitat in BP2 were significantly larger than those in the littoral zone (mean difference = 14 mm longer, separate variances t8 = 7.3, P < 0.001). In contrast, there were no biologically significant differences in body size of age-0 trout between littoral and pelagic habitats in populations without trout predators (Fig. 3) . Mean fork lengths of age-0 trout were no different between littoral and pelagic habitats in BP3 (mean difference = 0.5 mm, separate variances t580 = 0.88, P-> 0.3), but were slightly smaller in SMOKE (mean difference = 2 mm, separate variances t565 = 7.3, P < 0.001). 
Population-level consequences of flexible habitat use
Exclusive use of the less productive littoral habitat by age-O trout in lakes with adult trout led to reduced growth and survival over the growing season (Fig. 4) . Age-0 trout experienced high mortality when in the presence of adult trout despite the fact that they resided primarily in the shallowest habitats where adults were never captured (Fig. 4A) . In fact, 95% of the variation in age-0 trout mortality could be explained by the presence or absence of adult trout (F1,3 = 38.3, P < 0.03). That statistical model predicts that mortality in the absence of adult trout is 36% (95% ci = 20-53%) in comparison to 90% in the presence of adults (95% ci = 81-96%). These mortality values translate to instantaneous mortality rates of 2.8% and 0.5% per day for populations with and without adult trout, respectively.
In the presence of adult trout, mean fall mass of age-0 trout (a surrogate for growth rate) was reduced by almost one-half (Fig. 4B) . Eighty-three percent of the variation in mean autumn mass of age-O trout could be explained by the presence or absence of adult trout, but this result was not significant at the a = 0.05 level (F1 3 = 10.0, P > 0.05). However, this statistical model was significantly more likely than a null model describing constant mass of age-0 trout in October (X2 = 7.2, P < 0.01), and predicts a mean autumn mass of 7.3 g in the absence of adult trout (95% CI = 5.1-10.3 g) compared to only 4.0 g in the presence of adult trout (95% ci = 3.1-5.0 g). The growth cost incurred by age-0 trout in the presence of adult trout predators increased steadily over time (Fig. 5) . Age-0 trout grew at maximum rates in all populations over the early summer period (Fig. 5) , and the proportion of maximum mean mass achieved did not differ between predator treatments (X2 = 2.9, P > 0.09). Later, age-0 trout grew below maximum rates over the late summer period in lakes with adult trout, whereas growth was still maximal in populations without adult trout (Fig. 5) . Age-0 trout achieved only 66% of maximal growth in lakes with predators during this period in contrast to 89% in lakes without predators (X2 = 5.6, P < 0.02). During early autumn, young trout grew below maximum rates in all lakes (Fig. 5) , although young trout growth was nearer the maximum in lakes without adult trout than in lakes with adults (X2 = 6.7, P < 0.01). the whole-system scale, and (2) cohorts experienced large differences in growth and mortality during their first growing season as a result of differences in habitat use. Age-0 trout used all habitats in the absence of adult trout predators, but restricted their habitat use to the less profitable, but safer, littoral zone when adult trout were present. Thus, use of nearshore habitats by age-0 trout in lakes represents a facultative behavior whereby individuals assess variation in food availability (Table 1 ) and predation risk (Fig. 1) , and apparently trade-off benefits of rapid growth with risk of predation mortality. Consequently, mean autumn mass of age-0 trout cohorts was almost two times greater when predators were absent. Nonetheless, age-0 trout experienced high mortality in the presence of adult trout, but had they occupied the pelagic habitat, predator encounter rates and predation mortality would have been higher. In fact, there were six times as many survivors when adult trout were absent (autumn population densities of 9600 and 1500 trout/ha in predatorfree and predator lakes, respectively). Our study provides a valuable large-scale test of the classic study by Werner et al. (1983) Tabor and Wurtsbaugh (1991) found that 78% of age-O rainbow trout occupied "offshore" areas when trout predators were absent. The "underuse" of pelagic habitats in our study was evident almost one month after stocking, and given the low mortality in these predator-free lakes, densities of age-O trout in the littoral habitats were likely greater than in lakes with trout predators. However, initial underuse of the pelagic habitat in the absence of predators may be explained by conservative, or relatively fixed, antipredator behavior. Initially conservative, or fixed, antipredator behavior is expected to evolve if gathering information about the predation environment increases vulnerability (Sih 1987) . Since mortality of age-O trout is strongly size dependent in our lakes when in the presence of adult trout (Landry 1997, see also Johnsson 1993), we might also expect the cost of gathering information is high. Ekldv and provide an example of a fixed antipredator behavior in young fish and suggest that it is adaptive given that adult fish predators are always present in natural populations. However, given that age-O trout were growing at maximum rates in all populations during the early summer, there w'as little reason for them to leave the littoral zone at that time. Later, growth was less than maximum in all populations, and there was a corresponding increase in the use of the pelagic habitat in lakes without predators. However, this would not explain the use of pelagic habitats by age-O trout when they were growing at maximum rates in the absence of predators. The relatively few individuals in the pelagic habitat may therefore represent those that have assessed absence of risk.
We found evidence suggesting that age-0 trout are sensitive to size-dependent risk of predation. In the presence of adult trout, larger age-0 trout were more likely to inhabit the deep littoral habitat than the shallow littoral habitat. At the end of the growing season, a small percentage of age-0 trout in one of the lakes with adult trout occupied the pelagic zone. Young trout in this lake were larger than individuals in the other lake containing adult trout. Indeed, the likelihood of age-0 trout being captured and eaten by adult trout is strongly size dependent, whereby smaller (Johnsson 1993 , Landry 1997 ) and slower growing ) individuals experience greater mortality. Our estimate of the growth effect due to the presence of adult trout is likely conservative, with mean mass estimates biased upwards as a result of smaller individuals being removed from the population at high rates.
Age-0 trout experienced high mortality from adult trout despite the shift in habitat use towards shallow littoral areas with low food abundance (Table 1) , but few or no predators (Fig. 1) . We could not confine age-0 trout to the pelagic region to quantify mortality associated with that habitat, but we can infer mortality must be higher in the pelagic habitat given higher encounter rates with adult trout (Fig. 1) . Antipredator behavior (habitat shifts) often reduces, but does not prevent, mortality in fish predator-prey systems (e.g., Tonn et al. 1992, Diehl and Ekl6v 1995 and citations therein, Persson et al. 1996 ) and other predator-prey systems (Lima 1998b ). Tabor and Wurtsbaugh (1991) found that 96% of age-0 rainbow trout were located inshore when in the presence of trout predators, but still experienced six times greater mortality and 24% lower growth than young trout in enclosures lacking predators. We speculate that high mortality of age-0 trout in lakes with adult trout is the result of increased foraging effort (risk-taking) by individuals that are constrained by a short growing season in which to accumulate sufficient lipid reserves to survive winter (e.g., Werner and Anholt 1993, McNamara and Houston 1994). We are currently exploring these hypotheses in an effort to gain a mechanistic understanding of the large variation in young prey fish mortality seen in our lakes ).
Our experiment does not allow us to precisely quantify mortality from cannibalism. Yet, differences in mortality between treatments must have been proportional to the magnitude of cannibalism. Furthermore, the direction of habitat shift by prey fish indicates the relative risks of fish vs. avian predation in aquatic systems (Crowder et al. 1997 ). Prey fish move to shallow water and/or complex habitats offering refuge in response to piscivorous fish, but, when the dominant predators are wading or perching birds, the shift is towards deeper water (Crowder et al. 1997 and references therein). Estimates of bird predation during the previous year indicate that bird predators are unlikely to account for much of the between-lake or betweentreatment differences in age-0 trout mortality given that <3% of age-0 trout were eaten by birds, even when young trout were largely confined to shallow areas in the presence of adult trout.
Reduced growth is a common indirect (nonlethal) consequence of predation risk in aquatic and terrestrial systems (Sih 1987, Lima and Dill 1990, Diehl and Eklov 1995, Lima 1998b). Differential mortality could result in a "thinning effect" that yields negligable growth differences among cohorts (e.g., Walters and Juanes 1993, Van Buskirk and Yurewicz 1998). It is notable, therefore, that between-treatment differences in both growth and mortality were large by the end of the growing season. Reduced growth of age-0 trout in the presence of adult trout could result not just from lower daphnid abundance in shallow habitats, but also from reduction of lake-wide daphnid abundance by adult trout ). Nonetheless, observed differences in the mean mass of age-0 trout at the end of the growing season appeared to result from increasing food limitation over the season that was greater in lakes with adult trout than in lakes without them (Fig.  5) . The growth differences may have even longer term consequences for survival if the probability of overwinter starvation mortality is size dependent (Post and Evans 1989, Post and Parkinson 2001) and given that growth and survival of the cohort the following season is size and density dependent (Post et al.1999 ).
Our results show that rapid and flexible habitat shifts previously observed for prey at smaller spatial and temporal scales also occur at the whole-system scale, but with one caveat: Antipredator behavior may be constrained for early developmental stages. In addition, habitat shifts by prey have population-level consequences in terms of growth and survival that develop and persist over long time scales. Demonstration of large-scale and long-term consequences of flexible habitat use stresses the importance of behavior in predatorprey interactions.
